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TECHKICAL NOTE NO. 1119

INCREASING TEE COMPRESSIVE STRENGTH

OF’24S-T ALW7WIJN-ALLOY SHEET

By George J. Heimerl and Walter Woods

SUMMARY

A method of i.ncreasin~ the compressive strength
of 24S-T aluminum-alloy sheet by flexure rolling was
investigated. In this method, the sheet was alternately
bent and then str~ightened by rolling in a four-step
procedure. The results showed tliatthe greatest increase
was in compressive yield stress in the with-~rain direction
regardless of the direction of rolling; the increase was
greater as the radius of flexure rolling became smaller
and as the number of steps was increased. The tensile
properties, however, were little affected.

INTF?OD?JCTION

The compressive stren~,th of some aluminum alloys may
be appreciably increased by cornpresain~ the mEterial in
the direction in which the increase in strength is desire&
(See references 1 and 2. ) In the case of sheet material,
such & procedure liasnot been f’oundpracticable and other
methods of cold working must be employed if the stren@h
is to be increased. One such method which raises both
the compressive and tensile yiel.~ stress is that er.played

* in the production of 24S-RT aluminum-alloy sheet. In this
method, 24S aluminum-alloy sheet is solution heat treated,
cold rolled to about a 5.5-percent reduction in thickness,

●, and a~ed at room temperature~ (See reference 30)
.

A recent investigation of the effect of brake forming
on the strength of 2@-T aluminum-alloy sheet showed that
a large increase in compressive strength was obtained in
the curved corners of formed Z-sections. (See reference .!J
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‘IkLislarge Increase su~’gested the possibility of another
method of raising the compressive strength of’flat sheet
material by a flexure-rollinpj procedure which would
alternately bend and then straighten out the sheet.
Accordingly, in order to stu~y the effect of this type of
cold working, 24S-T aluminum-alloy sheet was flexure
rolled in a four-step procedure. The effect of rolling
in each grain direction was investigated; after each step
in rollin~, the tensile ant compressive properties of the
sheet were determined.

SPECIMENS AND METHO.IX OF TESTING

Pieces of 0.102-inch-thick 24S-T aluminum alloy, cut
from the same sheet, were flex~re rolled in the directions
s:hown in figure 1 to rsdius thickness ratios r/t ,

Of 240, 180, 120, and 60. ln the fgur successive steps in
rolling (fig. 2), the original flat sheet was first bent
in one direction, stralghteneti, bent in the opposite direc- 6
tion, and then strai@tened again, In addition, some
pieces were rolled (stepl only) to r/t ratios of 30, 20,
and 10~ For steps 2 and 4 in winich the sheet was flat,
the tensile and compressive properties were obtained for
both directions of grain of’the material; for steps 1
and ~ In which the sheet WGS curved, only the pro:~erties
in the straight direction were determined.

The tensile specimens were of standard size
(reference ~) and were tested with flat grips regardless
of whether tb.ecross section was flat or curved, since
the greatest cross-sectional curvature was very small.
Tn each case, however, failure occurred in the reduced
section near the middle of the specimen.

The compression specimens were 0.80 inches wi~e and
2.51 inches long and were tested in a special compression
fixture (fig, 3) desi~ned to support single-thickness
specimens which can either be flat or have cross-sectional ●

curvature.

Tuckerman optical strain ~ag~s were used to measure r

the strain for both the tension and the compression tests.
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RESULTS AND ?XSCUSS1ON

The effect of flexure rolling for rollers cross
“grain (see fig. 1) on the tensile and compressive proper-
ties of 0.102-inch-thick 2@-T aluminum-alloy sheet is
shown in fi~ure 4 for each of the four ste s in rolling
and for radius thickness ratios r/t tof 2 0, 180, 120,
and 60. The significant result for rollers cross grain
is that the compressive yield stress in the with-grain
direction is appreciably increased over that for the
original flat sheet
small,

j particularly as the radius becomes
about 11 percent for r/t = 60 as compared with

about
%2
1 percent for r/t = 240. A comparison of the

increase in compressive yield stress in the with-~rain
direction obtained in step 4 with that for step 2 shows
that the increase is greater if four steps instead of
only two are used in rolling. The tansile yield stresses
were also slightly increased, but the tensile ulti.ma~e
stresses an5 elongation in 2 inches were reduced somewhatc
The Individual results shown are in each case average
values obtained from two tests,

The effect of flexure rolling for rollers with grain
(see fig. 1) on the tensile and compressive properties is
similarly shown in figure 5 for each of the four steps in
rolling, For rollers with &rain (fig. 5) the compressive
yield stress in the with-grain direction was appreciably
increased, especially for the smallest radius (r/t = 60),
as was the case in the with-grain direction for rollers
cross grain (fig. 4)0 Generally, the tensile yield
stresses were slightly increased, and t’hetensile ultimats
stresses and elongation in 2 inches were slightly rad-uced.

Figuras 4 and 5 show that, regardless of the direction
of rollin~, it is possible to raise the compressive yield
stress in the with-grain direction of 24S-T aluminum-alloy
sheet by a flexure-rolling procedure without at the same
time adversely affecting the tensile properties. The
compressive yield stress in the crass.~rain direction,
initially

t
rester than that for the with-grain direction

(see fig. ), is also increased regardless of the direction
of rolling although to a lesser dagree than for the with-
grain direction. (See fi~st4 and 5.) The compressive
strength of the sheet is therefore generally improved by
this flexure-rolling procedure.



The compressive and tensile stress-strain curves,
presented in figure 6 for rolling to an r/t ratio of
60, tiremarkedly changed in shape as a result of the four.
step flexure rolling procedure.

The effect of the first step in rolling on the
compressive stress-strain curves is shown in fi~ure 7 for
small r/t ratios of 30, 20, and 10. A large increase
in compressive yield stress of’the rolled sheet over the
flat sheet is indicated for the with-grain direction.

CC)NCLUSTCNS

As a result of a four-step flexure-rolling procedure
in Wfiichthe sheet is bent in one direction, straightened,
bent in the opposite direction, and,then straightened
s~ain, the compressive yield stress of 2@-11 aluminum-
alloy sheet is increased in both the with-grain and the
cross-grain directions. The increase is greater for the
with-grain compressive yield stress, is larger os the
radius of flexure rolling becor,es smaller and as the
number of steps is increased, and Is independent of the
direction in which the sheet is rolled. The tensile
properties, however, are little affected.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, vs., May 3, 19~6
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Figure 3.- Compression fixture used to support flat or curved
single-thickness compression specimens.
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Fiqure 6 .– Effect of fbur- step flexure

T Tens~on
grain. C Corn pression

––original flat sheet
— Rol led sheet

rolling to an rfi ratio of 60 on the
- tensile and compressive stress- strain curves for aoz-inch-thick 24ST

aluminum-alloy sheet. (Sheet is flat in fourth step.)
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